Background: Implant fractures are rare but offer a challenging clinical situation.
Sweden). The study was approved by the Regional Ethical Review
Board in Lund (Dnr 2014/598; Dnr 2015/72). This study is in concordance with the STROBE guidelines for observational studies.
As the standard protocol in the clinic, the patients' dental hygiene was followed up by a dental hygienist within 6 months after the final implant-supported/retained restoration. Each patient then attended a dental hygiene recall program based on individual needs.
| Definitions
An implant was considered fractured when a fracture line was running through the implant only. Fractures of the abutment or other prosthetic parts were not considered as a fractured implant.
Relation of an implant and a cantilever in the prosthetic work: (1) implant adjacent to a cantilever; (2) implant is distant one tooth away from the cantilever; (3) implant is distant two teeth away from the cantilever ( Figure 1 ); (4) half-cantilever (implant is adjacent to a prosthetic cantilever, but this is approximately half the length of an one-tooth prosthetic element); (5) there is no cantilever or implant is distant three or more teeth away from the cantilever ("no cantilever").
| Inclusion and exclusion criteria
Only modern endosseous dental implants with cylindrical or conical design were considered. Zygomatic implants were not included in the study, as well as implants detected in radiographies, but without basic information about them in the patients' files.
| Data collection
The dental records of all patients ever treated with implants in the aforementioned clinic were read in order to collect the data. The data were directly entered into a Statistical Package for the Social Sciences The information is unknown for a variable number of implants.
TABLE 3 Distribution of implants and fractures according to different implant diameter ranges
Implant fractures/total number of implants (% fracture) Implant diameter Table 1 shows the distribution of implant types with respect to the different kinds of prosthetic restorations. Turned grade 1 and enlargedsurface grade 3-4 titanium implants were followed up for a mean 6 SD of 155.5 6 89.1 (min-max, 1-437.5) and 77.4 6 51.6 months (min-max, 0-279.1), respectively, (P < .01, Mann-Whitney test). All fractured implants had a cylindrical design (44 out of 9609, 0.46%), however, the number of tapered/conical implants were far fewer (n 5 447) than the cylindrical ones. Only 41 implants were placed into fresh extraction sockets, of which only one fractured. Implants placed in the premolar region were more often adjacent to a cantilever (39.9%) than implants placed in other tooth regions ( According to the GEE model (Table 4) , five factors had a statistically significant influence on the fracture the implants: grade of titanium, implant diameter, implant length, prosthetic work with cantilever, and bruxism. Titanium grade 3-4 implants had 72.9% less probability The information for some conditions is unknown for a variable number of implants.
of fracture than turned, grade 1 implants. Bruxers had a 1819.5% higher probability of presenting an implant fracture in comparison to non-bruxers. The presence of a cantilever increases a chance of fracture by 247.6% for implants adjacent to it, in comparison to implants distant at least 3 teeth-length away from the cantilever or with no cantilever. Moreover, every 1 mm increase in implant diameter decreases the probability of fracture by 96.9% and every 1 mm increase in implant length increases the probability of fracture by 22.3%. Considering the statistically significant influence of implant diameter and length on implant fracture, the mean and standard deviation diameter and length of the main implant types included in the study were calculated (Table 5) . Straumann had the highest fracture rate (2.11%) among the implant types, giving Straumann SLA implants had the overall worse prognosis concerning implant fracture even including machined grade 1 implants. Straumann SLA implants were more commonly placed in bruxing patients than were Nobel turned or TiUnite implants in the entire material (Table 6 ), but this was not so in case of narrow implants where the modern implants actually fractured (Table 7) . Despite this, in the narrow group 7.31% of Straumann implants fractured cf. 1.1% of turned and no TiUnite implants. implantation, and around one quarter of the fractures happened between 10 and 12 years after implant placement. There was a CSR of 98.8% after 34 years of follow-up. Figure 2 shows the Kaplan-Meier curve, showing that more than 98% of the implants did not present fractures after more than 35 years of follow-up.
| DI SCUS SION
The present retrospective clinical study suggests that five factors could influence the incidence of implant fractures: grade of titanium, implant diameter, implant length, prosthetic work with cantilever, and bruxism.
Modern implants of titanium grade 3-4 had 72.9% less probability of fracture than turned implants of grade 1 titanium. Grade 3-4 titanium may have close to 0.3% of iron instead of grade 1 titanium with only about 0.15% of iron. The iron contents are known to increase the strength of titanium considerably. 10 In addition, one cannot exclude the possibility that surface treatment of modern implants may contribute somewhat to increased strength as well, not the least due to the compressive loads put upon these implants during manufacturing.
11
One additional factor that may skew our material with respect to fracture percentage is the fact that titanium grade 1 implants were followed up for longer time than grade 3-4 modern implants.
Small diameter implants tend to fracture more easily than large ones, especially when placed in a posterior location. 12 An implant 5 mm in diameter is three times stronger than a 3.75-mm implant, and an implant 6 mm in diameter is six times stronger than a 3.75-mm implant. 13 Concerning the implant length, the higher probability of fracture with longer implants may be related to the fact the wider diameter (which presented lower probability of fracture) are not usually long.
Surprisingly, the prevalence of implant fractures in the molar area was low. This is surprising because implants in premolar and molar regions are at a higher risk of fracture, especially if a cantilever on the prosthesis is present because it enhances the load on implants with either vertical or lateral forces. 14 However, implants placed in the premolar region had the highest percentage of fracture among all regions.
The reason for that was the fact that most full-arch prostheses were supported by implants placed until first-or second-premolar region, with no implants in the molar region. And here the prosthesis cantilever may play a significant role as the etiological factor of the implant fractures. In a photoelastic model study evaluating the effect of cantilever length on stress transfer by implant-supported prostheses, 15 it was observed that the highest stresses were located at the ridge crest on the distal surface of the distal implant for all cantilever lengths. As already mentioned, implants placed in the premolar region were most often the most distal implant in the present study. Still in this photoelastic study, 15 apical stresses at the most distal implant developed in reciprocation to the effect of the distal tipping force on the cantilever, and there were disproportionate increases in maximum stress with increasing cantilever length. The presence of a cantilever greatly increases the stress, with peak stress points always located on the most distal implant. 16 There was a 1819.5% higher probability of presenting an implant fracture in bruxers in comparison to non-bruxers. Implant fracture has been associated with parafunction. A parafunctional occlusal habit can contribute to the potential overload, as load magnitude, duration, frequency, and direction are increased by such activity. 3, 17, 18 Six of the eight fractured implants in the study of Balshi 19 well as for a higher prevalence of implant fracture. The study compared groups of bruxers and non-bruxers having the same number of patients (n 5 98) with the same total number of implants (n 5 427) equally distributed between them. Bruxers presented 16 fractured implants, whereas non-bruxers did not present any case of implant fracture.
Straumann SLA implants had the worst prognosis concerning implant fracture possibly related to the design of the tissue-level implant system with an internal implant-abutment connection. 20 The alveolar crest is often located in an area where the implant walls show minimum thickness. As a consequence, lateral bending moments act on the implant during function, which in turn leads to metal fatigue. 12 It may be argued that the area of the internal connection forms a predestined site for implant fracture as pointed out by Shemtov-Yona and colleagues 21 who found fractures occurring where thin metal cross sections and sharp notches coexisted. Therefore, implants with an external connection might be advantageous from that point of view.
When only narrow implants were considered, as only narrow SLA implants fractured, there were no statistically significant difference in the distribution of implants between bruxers and non-bruxers for SLA versus Nobel turned (P 5 .493) and for SLA versus Nobel MK III TiUnite (P 5 .382). This suggests that narrow SLA implants may be subjected to more fractures when compared to narrow implants of other systems.
In the present paper we have noticed that the very great majority of fractures of modern surface enlarged implants occur with narrow implants at least over a follow up time of 2 to 8 years. Whether longer terms of follow ups will result in fractures also of implants of average diameter is unknown. However, it must be observed that the turned implants where we have interpreted 0.5% of noticed fractures of implants of average dimensions to depend on the known greater weakness of grade 1 titanium cf. higher grades at the same time are the implants followed up for the longest time of all. At the clinic in Malm€ o turned implants were the only ones used until the mid-1990s when other designs started to grow in numbers. Because the patients in this study were not prospectively followed, it was not always possible to investigate whether marginal bone resorption developed before or after the fractures. Any significant bone loss at the crestal level would increase the unsupported coronal length of the implant, increasing the crown to implant ratio, resulting in the fixture becoming more at risk to bending forces. 22 It is unclear whether marginal bone loss is a cause or an effect of implant fracture, or if they are both consequences of unfavorable loading. 23 Stress caused by screw joint connections to the implants from an ill-fitting prosthetic framework can result in constant shear load on the implant, predisposing it to fracture. Frequently, loosening of the screw (s) on the supraimplant component precedes implant fracture and may be a warning sign that the framework needs re-evaluation. 19 Some studies have shown implant fracture in partially edentulous fixed prostheses occurs with older, less passively fitting prostheses. [24] [25] [26] [27] Misfit of the prosthesis framework could not be systematically analyzed in this study. However, the degree of misfit may be considered to be randomly distributed and therefore can be regarded as an independentlyacting additional load factor.
The limitations of the present study include the fact that this is a retrospective study, which inherently results in flaws, manifested by gaps in information and incomplete records. Moreover, the implant primary stability was not analyzed, as well as crown-to-implant ratio, loosening of prosthesis screw and accuracy of fit restoration, and marginal bone loss.
| CON CLU S I ON S
According to the results of the present retrospective clinical study, it is suggested that five factors could influence the incidence of implant fractures: grade of titanium, implant diameter, implant length, prosthetic work with cantilever, and bruxism.
